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(33/124). The assemblage A isolates were completely homogenous genetically at the gdh 23 locus, while assemblage B isolates showed variability at the nucleotide but not at the amino 24 acid level at this locus. Some of the assemblage B3 and B4 subtypes identified in humans 25
were previously identified in marsupials in Australia and in a fox, indicating potential 26 zoonotic transmission. 
jp). 87
Phylogenetic trees were constructed for the gdh locus with additional isolates from 88
GenBank. Distance estimations were conducted using TREECON (Van de Peer and De  89 Wachter, 1997), based on evolutionary distances calculated with the Tamura-Nei model and 90 grouped using the Neighbour-Joining method. Parsimony analyses were conducted using 91 MEGA version 3.1 (MEGA3.1: Molecular Evolutionary Genetics Analysis software, Arizona 92
State University, Tempe, Arizona, USA). Bootstrap analyses were conducted using 1,000 93
replicates to assess the reliability of inferred tree topologies. Maximum Likelihood (ML) 94 analyses were conducted using the program PhyML (Dereeper et al., 2008) (Table 1) . There was good agreement between 106 the two loci with the exception of five isolates, three of which (GH104, GH135 and GH172) 107 typed as assemblage A at the 18S rRNA locus and typed as B3, B4 and B3, respectively, at 108 the gdh locus and two isolates (GH94 and GH179) which typed as assemblage B at the 18S 109 rRNA locus and typed as A2 at the gdh locus. The majority of the isolates (~73%) were from 110 rural areas (91/124) compared with urban areas (33/124) ( Table 2) .
Phylogenetic analyses of the partial nucleotide sequence of the gdh locus using 114
Distance, Parsimony and ML analyses produced similar results (data not shown) and 115 identified that all of the 27 assemblage A2 isolates were 100% identical to the A2 reference 116 isolate AD-2 (L40510) and revealed variation within the assemblage B3 and B4 isolates with 117 the majority of variation in B3 (Fig. 1 - To the best of our knowledge, this is the first study to sequence and analyse a large 146 number of Australian human Giardia isolates at two loci. Analyses of Giardia isolates using 147 at least two loci is essential due to 'assemblage swapping' or the assignment of Giardia 148 isolates to different assemblages using different markers, which has been frequently reported 149 A and B were detected. Giardia infection was highest amongst children < 5 years of age but 152 was present in 14-16% of samples from humans aged between 6-70 years (Table 1) . Other 153 studies have reported the highest prevalence amongst children aged < 1-9 years of age (cf. 154
Xiao and Fayer, 2008). 155
Previous analyses have shown the existence of two sub-groups in assemblage A (A1 156 and A2) and in assemblage B (B3 and B4). In the present study, all of the assemblage A 157 isolates were subtyped as A2 at the gdh locus. Genotype A1 is generally found in animals, 158 whereas genotype A2 has mainly been identified in humans. However, A2 has occasionally 159 been detected in animals (cf. Caccio and Ryan, 2008) . 160
The present study identified a high prevalence (75%) of G. duodenalis assemblage B 161
isolates amongst sporadic Giardia cases in Western Australia. Previous studies in Australia, 162 which sequenced small numbers of isolates at one locus, have also reported a high prevalenceof assemblage B in human isolates (Hopkins et al., 1997; Read et al., 2002 Read et al., , 2004 Giardia subtypes in sporadic cases from urban and rural areas. In the present study, the 175 majority of cases (~73%) were from rural areas and of these ~26% were A2, ~38% were B3 176 and ~36% were B4 (Table 2) . 177
The prevalence of assemblages A and B in humans varies considerably from country 178 to country, and from study to study, although assemblage B seems more common overall 179 have reported a strong correlation between assemblage B and severe/persistent diarrhoeabetween the type of assemblage and symptoms (Lebbad et al., 2008) . In the present study, all 215 of the isolates were obtained from a pathology laboratory and although clinical data were not 216 available for ~35% of samples, diarrhoea was the most common symptom (~74%) for both 217 assemblages A and B. 
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